Although most research in the perceptual interference literature has used visual stimuli, recent experiments have replicated this effect using musical stimuli. Two experiments investigated whether musical and visual demonstrations of the effect are produced by a common mechanism by examining whether the provision of incorrect cues would impair melodic object identification in the perceptual interference paradigm. Whereas incorrect cues typically do not affect visual object identification, they reduced melody identification both when the subjects generated the cues and when the experimenter provided them. A novel model (feature modulation search) is presented to account for perceptual interference in musical stimuli. The model has potential applications for the larger perceptual interference literature and for related phenomena in which target-related information impairs cognition.
Perceptual interference refers to the fact that the ease of identifying an object is directly related to how much information is initially available. In this procedure, subjects identify visually (Bruner & Potter, 1964; Peynircioglu, 1987 Peynircioglu, , 1990 Peynircioglu & Watkins, 1986; Snodgrass & Hirshman, 1991) or auditorially (Blake & Vanderplas, 1950; Frederiksen, 1967 Frederiksen, , 1969 Gibson & Watkins, 1991; Schulkind, 2000) degraded targets under one of two conditions. In the fixed condition, the subjects receive one exposure to a moderately degraded version of the target. In the ascending condition, the subjects receive multiple exposures, over which the object is slowly revealed; initial exposures are highly degraded and each subsequent exposure adds information to the previous one. Although the last exposure in the ascending sequence is identical to the only presentation in the fixed condition, identification performance is typically superior in the fixed condition. Thus, the early, highly degraded exposures in the ascending condition impair rather than facilitate identification, even though no nontarget information is presented.
Recently, Schulkind (2000) reported that perceptual interference is observed with musical stimuli. In Schulkind's experiments, listeners identified familiar melodies on the basis of the first several notes. In the fixed condition, the notes were played all at once. In the ascending condition, the number of notes heard was slowly incremented across multiple trials: Subjects initially heard the first two notes, then the first three notes, and so forth. As in the standard perceptual interference paradigm, performance was significantly better in the fixed condition than in the ascending condition. However, Schulkind noted one difference between his musical stimuli and the pictorial stimuli typically used in perceptual interference investigations: Interference decayed more rapidly in the latter. This was observed by introducing a silent, or unfilled, interval between exposures in the ascending condition. The introduction of an unfilled interval is relatively uncommon in this research in that the to-be-identified object typically remains in view throughout the ascending sequence: New information is simply added to the earlier exposures. Interference persisted in the musical domain over silent intervals up to approximately half a second but disappeared completely in the visual domain at intervals of approximately 300 ms (but, see Gibson & Watkins, 1991 , for a different result using auditory presentation of words). One plausible explanation for this difference is that auditory sensory memory (Darwin, Turvey, & Crowder, 1972) retains information for longer intervals than visual sensory memory (Keele & Chase, 1967) .
Although this modality difference is easily explained, the fact that perceptual interference persisted over different time courses leads one to question whether the mechanism underlying the effect may differ across the visual and musical domains. Consequently, it is important to determine whether current theoretical explanations for perceptual interference-which are largely based on visual data-will apply to musical stimuli. The model evaluated here is the competitive activation account first proposed by Snodgrass and Hirshman (1991; see also Luo & Snodgrass, 1994) , which has successfully been applied to a variety of empirical data (Lindfield & Wingfield, 1999; Lindfield, Wingfield, & Bowles, 1994; Luo & Snodgrass, 1994; Snodgrass & Hirshman, 1991) . The competitive activation account attributes perceptual interference to the transitive activation of nontarget perceptual structures. It predicts that the magnitude of perceptual interference will decay across unfilled intervals as the transitive activation dissipates. Thus, the model can account for modality differences in the time course of perceptual interference by claiming that transitive activation decays at different rates in the auditory and visual domain.
The current article further investigates the generalizability of the competitive activation account to musical stimuli by evaluating whether incorrect hypotheses would influence melody identification in the perceptual interference paradigm. The conscious generation of incorrect hypotheses was one of the earliest explanations for perceptual interference (Bruner & Potter, 1964) , but both the competitive activation account and several lines of empirical evidence have contradicted this claim. For example, research using verbal stimuli has demonstrated that perceptual interference obtains only when the words are primed by earlier exposures (Gibson & Watkins, 1991; Peynircioglu & Watkins, 1986) . It is not clear why primed targets would reliably yield more incorrect hypotheses than unprimed targets. In addition, Snodgrass and Hirshman (1991) reported that corrective feedback (being told that a hypothesis was incorrect) did not eliminate perceptual interference. However, this finding may be questioned because the subjects were encouraged to generate a hypothesis after each trial. These instructions may have biased the subjects to produce hypotheses that they knew to be incorrect. One would not expect feedback to improve performance if the subjects knew that their hypotheses were wrong. A voluntary guessing strategy, which would be more likely to produce hypotheses that the subject strongly believed to be correct, might demonstrate an effect of incorrect hypotheses.
In the current study, two experiments were conducted to determine whether incorrect hypotheses would influence the magnitude of perceptual interference using musical stimuli when subjects were likely to give the incorrect hypotheses strong consideration. In Experiment 1, the effect of incorrect cues was evaluated by allowing the subjects to generate hypotheses between exposures in an ascending sequence. Allowing subjects to generate guesses voluntarily introduced some interpretive difficulties. Therefore, in Experiment 2, the experimenter provided incorrect cues prior to the start of each trial.
Experiment 1
Experiment 1 adapted the standard perceptual interference paradigm to accommodate musical stimuli (Schulkind, 2000) . Subjects in the ascending condition received multiple exposures to the target melody; initial presentations provided sparse information (i.e., few notes), with each subsequent exposure including more information (one additional note). The fixed presentation involved hearing the first several notes of the song in a single trial. As in previous work on perceptual interference, the last exposure in the ascending condition and the single exposure in the fixed condition consisted of the same information (i.e., the same number of notes).
The subjects were given an opportunity to identify the song after each exposure in the ascending condition but were not forced to produce a specific song title. Feedback was not given until either the last exposure in the ascending sequence was reached or the subject claimed to be certain of his or her response. Because the fixed condition included only a single exposure to the target, the subjects had only one opportunity to respond. There were two predictions. First, if the mechanism underlying perceptual interference in the auditory domain was similar to that in the visual domain, then perceptual interference should be observed; that is, performance in the fixed condition would be better than performance in the ascending condition. Second, if incorrect hypotheses influence performance in the perceptual interference paradigm, then identification performance should decrease when the subjects generate an incorrect hypothesis at some point during the ascending sequence. This finding would run counter to data from the visual domain and would suggest that different theoretical explanations may be required to account for perceptual interference with musical stimuli.
Method
Subjects. Twenty undergraduate volunteers received partial credit toward a course requirement in exchange for their participation and were randomly assigned to one of two counterbalancing orders. No subjects were music majors.
Materials. The 34 songs used in the experiment were selected from a subset pretested by a group of 97 undergraduate subjects to ensure their familiarity; a majority of these pilot subjects indicated that they "easily knew most of the words to the song." The songs were drawn from one of the following categories (with a representative tune appearing in parentheses): patriotic ("Yankee Doodle" [1954 -1955] ); Christmas-religious ("Frosty, the Snowman" [Nelson & Rollins, 1950] ); pop-folk ("Yesterday" [Lennon & McCartney, 1965] ); children's ("Pop Goes the Weasel" [1954 -1955] ); traditional ("Happy Birthday to You" [Hill & Hill, 1893] ); movies ("Do Re Mi" [Rodgers, & Hammerstein, 1959] ). A separate group of subjects identified the target stimuli in an ascending sequence in which they were allowed to hear as many as 24 notes; mean percentage correct was 95.5% (SD ϭ 6.5). Thus, these songs were easily identified when the subject population was given sufficient information.
A sheet music arrangement was obtained and transferred to a MacIntosh IIsi computer using the Songworks software package (Evans, 1992) ; all stimuli were played with a piano timbre. A subset of the notes from each song was selected by determining the number of notes that led to moderate identification performance (40%-65%) in past research (Schulkind, Posner, & Rubin, 2001) . For example, the subjects heard as many as the first four notes of "Happy Birthday to You." In the fixed condition, the subjects received one exposure consisting of all of the selected notes for that song (e.g., the first four notes of "Happy Birthday to You"). For ascending presentation, the subjects received multiple exposures to the melody. The first exposure consisted of the first two notes. Each subsequent exposure added one additional note; that is, the second exposure consisted of the first three notes, the third exposure consisted of the first four notes, and so forth. Ascending presentation continued until either the song was identified with certainty or the maximum number of notes allowed (e.g., four notes for "Happy Birthday to You") for that song was reached. Therefore, the final exposure in the ascending condition never contained more notes than the single presentation in the fixed condition. On average, the subjects heard 6.33 notes per song. The average duration of songs in the fixed condition was approximately 2,800 ms (440 ms per note).
Procedure. At the start of the experiment, the two presentation styles (fixed and ascending) were described, and the subject was given a practice trial in the ascending condition ("Old McDonald Had a Farm" [1985] ). Every subject heard the stimulus songs in the same random order. Two counterbalancing orders were created such that each song appeared once in the fixed condition and once in the ascending condition. Across the experiment, every song was heard an equal number of times in each condition.
The subjects were instructed to give one of the following five responses after each presentation of a song in the ascending condition or after the only presentation of the song in the fixed condition: (a) "I have no idea"; (b) "It sounds familiar, but I am not certain enough to make a guess"; (c) "I am not sure, but it might be "; (d) "I am pretty sure that it is "; or (e) "I am sure that it is ." The five response options were printed on a sheet of paper placed on the desk in front of the subject. The subjects controlled the pace of the experiment, although they were required to respond within 10 s of the end of a given trial; the experimenter monitored the response period with a handheld stopwatch.
Responses were collected until either the subject correctly named the tune with certainty or the maximum number of notes for that song was reached. Unlike in Snodgrass and Hirshman's (1991) study, feedback was given only on trials in which the subjects claimed that they were certain of their response (i.e., Response Option e). If their response was correct, the subjects were told that they had identified the song, and the next song was begun. If their response was incorrect, the subjects were told that their response was incorrect, and the next exposure for that song was played. The subjects were not told the title of a song that they failed to identify.
At the end of the experiment, familiarity ratings were collected to examine whether songs that were difficult to identify reliably elicited more incorrect guesses. The subjects were forced to place the target songs into four different categories corresponding to the songs that they knew best, second best, third best, and worst. Each category had to contain a specified number of songs (9, 8, 8 , and 9, respectively, from best to worst known). The subjects filled in a rating sheet that contained the four category headings with the appropriate number of blank lines beneath each category. Responses for songs that the subjects claimed they did not know were eliminated from analyses; this accounted for less than 2% of the data.
Results
Alpha was set at .05 for all analyses reported in this article. Mean percentage correct for the fixed and ascending conditions were 70.6% and 69.3%, respectively. These data were submitted to a one-way within-subjects analysis of variance (ANOVA) with presentation style as the independent variable. The effect of presentation style was not significant, F(1, 19) Ͻ 1, MSE ϭ .011. This indicates that no overall perceptual interference effect was observed.
Additional analyses were conducted to examine whether performance in the ascending condition varied as a function of the generation of incorrect hypotheses. The overall incorrect guessing rate in the ascending condition was 13.82%. Of the 20 subjects, 17 made at least one incorrect guess; of the 34 songs, 25 elicited at least one incorrect response. For these analyses the ascending condition was divided into two categories: the ascending-with-noguess (NG) condition and the ascending-with-incorrect-guess (IG) condition. Mean percentage correct for the fixed, ascending-NG and ascending-IG conditions were 70.59%, 72.03%, and 51.85%, respectively. These data were submitted to a one-way within subjects ANOVA, with category (fixed, ascending NG, ascending IG) as the independent variable. Missing values were replaced by the grand mean. This analysis yielded a main effect of category, F(2, 38) ϭ 5.025, MSE ϭ .052. Tukey's honestly significant difference (HSD) was calculated to determine which levels of the independent variable differed from one another. According to this analysis, the fixed and ascending-NG conditions did not differ significantly from one another, although both were significantly different from the ascending-IG condition. In other words, there was no difference between the ascending and fixed conditions, unless an incorrect guess was made at some point during the ascending sequence. A second, more conservative analysis was also conducted in which the 3 subjects who did not generate any incorrect guesses in the ascending condition were removed. This secondary analysis also produced an overall effect of condition, F(2, 32) ϭ 4.469, MSE ϭ .058. Tukey tests revealed a significant difference between the ascending-IG and ascending-NG conditions; however, the difference between the fixed and ascending-NG conditions just failed to reach conventional levels of significance (HSD ϭ .217; actual difference ϭ .205). Thus, the two analyses were largely in agreement, although the relatively high variability in the ascending-IG condition influenced the significance of the secondary analysis.
The effect of incorrect guessing cannot be attributed solely to song difficulty. That is, songs that were more difficult to identify did not reliably elicit more incorrect hypotheses. Three correlations were conducted to underscore this point. The probability that a particular song elicited an incorrect guess was not correlated with several measures of ease of identification, including the following: (a) the overall probability that a given song was identified in the experiment, r(33) ϭ Ϫ.002, p Ͻ .99, (b) the probability of identifying the song in the fixed condition of the experiment, r(33) ϭ Ϫ.122, p Ͻ .49, and (c) the probability of correct identification by the pilot subject group, r(33) ϭ Ϫ.106, p Ͻ .56. These low correlations reflect the fact that song difficulty was largely controlled by varying the number of notes the subjects heard for different songs.
Discussion
The results of Experiment 1 suggest that incorrect hypotheses influence melody identification in the perceptual interference paradigm. Subjects in the ascending condition were less likely to identify a stimulus if they made an incorrect guess at some point during the sequence. This result suggests that the competitive activation account is insufficient to explain perceptual interference with musical stimuli. However, these data must be interpreted cautiously because of a number of considerations. First, the relatively low guessing rate (less than one in seven trials in the ascending condition elicited an incorrect hypothesis) produced very high variability in the ascending-IG condition. As a result, the difference between the fixed and ascending-IG conditions shifted from significant to marginally significant, simply because 3 subjects worth of data were removed. Second, because incorrect hypotheses were generated voluntarily, one cannot unambiguously assume that incorrect guessing caused reduced identification. Although subsidiary correlations call the most plausible alternative explanation (target difficulty) into question, causality cannot be assumed. Finally, and related to the previous point, because incorrect hypotheses were generated voluntarily, data points were not randomly assigned to the various conditions. This also leads one to interpret these data cautiously.
A secondary cause for concern resulted from the fact that no overall perceptual interference effect was obtained. That is, performance in the ascending condition was not significantly worse than performance in the fixed condition. This leads one to question the appropriateness of using musical-auditory stimuli in this paradigm. However, previous research has obtained significant perceptual interference by the use of both verbal (Gibson & Watkins, 1991) and musical (Schulkind, 2000) auditory stimuli. A strong interpretation of the null effect would be to claim that perceptual interference is obtained only in the presence of an incorrect hypothesis. However, this interpretation is inconsistent with previous work (Gibson & Watkins, 1991; Snodgrass & Hirshman, 1991) and is questionable because of the data issues detailed in the previous paragraph. A more plausible explanation for the failure to obtain an overall perceptual interference effect is that the opportunity to guess after each exposure in the ascending condition created a relatively long interstimulus interval (ISI); as described in the introduction, an interval of between 300 and 500 ms typically eliminates perceptual interference (Schulkind, 2000) when musical stimuli are used. However, this interpretation of the data leaves another question unanswered: If a long ISI eliminates perceptual interference, why did interference persist when incor-rect hypotheses were present? The competitive activation account cannot answer this question.
Experiment 2
Experiment 2 was designed to overcome some of the interpretive problems associated with the first experiment. The design differed from the first experiment in three important ways. First, incorrect hypotheses were provided experimentally rather than being produced voluntarily by the subjects. Prior to the start of each trial, the subjects were given a cue. The cue variable had three levels. For correct-cue trials, the experimenter read the title of the song for that trial. For incorrect-cue trials, the experimenter read the title of a song that was not heard during the experiment. For no-cue trials, the experimenter said, "There is no title for this trial." Experimenter-provided cues increased the proportion of trials involving an incorrect hypothesis, allowed for the random assignment of trials to condition, and allowed cause and effect relationships to be drawn between the presence of incorrect guesses and identification performance.
The second change in procedure from the first experiment involved the interval between exposures in the ascending condition. In Experiment 1, the subject controlled the ISI (up to 10 s); in Experiment 2, the experimenter set the interval (300 ms).
Comparing the results of Experiments 1 (long, uncontrolled ISI) and 2 (short, controlled ISI) will determine whether the failure to obtain perceptual interference in Experiment 1 was due to the relatively long ISI. The final modification to the design was incorporating presentation style (ascending vs. fixed) as a between-subjects variable. All previous investigations of the perceptual interference effect have manipulated this variable within subjects. Some research in other areas-most notably on the Brown-Peterson task (J. Brown, 1958; Peterson & Peterson, 1959 )-has shown that manipulating key variables between subjects versus within subjects leads to very different patterns of performance (Greene, 1996; Poulton, 1982) .
The predicted results were as follows. A main effect of presentation style (fixed vs. ascending) would indicate whether the standard perceptual interference effect can be replicated using musical stimuli (Schulkind, 2000) . A main effect of cue type (correct, incorrect, and no cue) would indicate whether experimenterprovided hypotheses affect performance. The most logical prediction was that correct cues should yield better performance than no cues, which should yield better performance than incorrect cues; the most theoretically interesting comparison was between the no-cue and incorrect-cue conditions. Finally, the results of the Presentation Style ϫ Cue Type interaction would tell us a great deal about the instrumentality of incorrect hypotheses as an explanation for perceptual interference. If incorrect hypotheses are the only cause of perceptual interference, as suggested by the data from Experiment 1, then perceptual interference would be obtained in the incorrect-cue condition but not in either the correct or no-cue conditions. This result seemed unlikely for two reasons. First, the results of Experiment 1 may have obtained because of the timing effects reported above. Second, research has provided convincing evidence of perceptual interference in the absence of incorrect hypotheses (Luo & Snodgrass, 1994; Schulkind, 2000; Snodgrass & Hirshman, 1991) . If, as previous work suggests, incorrect hypotheses are one of several mechanisms that produce perceptual interference, then the magnitude of the incorrect-cue effect would be larger in the ascending condition than in the fixed condition and larger in the incorrect cue than the no-cue condition.
Method
Subjects. Eighty-four undergraduate volunteers received partial credit toward a course requirement in exchange for their participation and were randomly assigned to counterbalancing orders. No subjects were music majors.
Materials. The stimulus set was nearly identical to that used in Experiment 2. The cue variable required the use of three counterbalancing orders. Therefore, only 30 songs were used in Experiment 3; the 4 songs with the lowest familiarity ratings were eliminated. The fixed condition was identical to that used in Experiment 2. The ascending condition was modified such that the interval between presentations was set to 300 ms, because this was an interval that reliably produced perceptual interference in previous work (Schulkind, 2000) . The stimuli were presented by computer to control the ISI.
A group of 26 pilot subjects rated the familiarity of both the target stimuli and a set of distractor songs on a 5-point scale ranging from 1 (extremely familiar) to 5 (I've never heard this song before today). The distractors were selected from the same genres as the targets (e.g., Christmas songs, patriotic songs). The familiarity ratings were used to select 1 distractor song for each target. The mean familiarity rating for the target and distractor songs were 1.60 (SD ϭ 0.72) and 1.68 (SD ϭ 0.90), respectively; these values did not differ significantly, t(58) ϭ 0.88, p Ͼ .35. Three counterbalancing orders were constructed such that each target song appeared the same number of times in each of the three cue conditions (correct, incorrect, no cue) across the experiment. The incorrect cue assigned to a target song was the same throughout the experiment, and no two targets shared the same incorrect cue.
Procedure. The procedure was similar to that used in Experiment 1, with the following changes. Because the ISI was 300 ms, the subjects were not given the opportunity to guess during the ascending sequence. Thus, the subjects made only one response-after the last exposure-in the ascending sequence. The subjects were run either individually or in groups of 2 and they wrote their responses in a response booklet. As in the previous experiment, the subjects recorded both a song title and a confidence rating. However, there were no significant effects for the confidence rating data, therefore they will not be discussed further. Prior to the start of each trial, the experimenter read the cue for that trial aloud; in the no-cue condition, the experimenter said, "There is no title for this song." The target was then played and subjects were given as long as they needed to record their responses. Once the experimenter determined that both subjects had finished writing their response, the cue information for the next trial was read. At the end of the experiment, the subjects rated their familiarity with both the target and distractor songs. Responses for songs that the subjects claimed they did not know were eliminated from analyses; this accounted for less than 2% of the data.
Results
Mean percentage-correct data for Experiment 2 are presented in Table 1 . These data were submitted to a 3 ϫ 2 mixed factorial ANOVA. Presentation style was a between-subjects variable with two levels (fixed and ascending); cue type was a within-subjects variable with three levels (correct, incorrect, and no cue). The analysis yielded a main effect of presentation style, F(1, 72) ϭ 8.480, MSE ϭ .053, with fixed presentation yielding better performance than ascending presentation; thus, the standard perceptual interference effect was observed. The main effect of cue type, F(2, 164) ϭ 169.605, MSE ϭ .024, and the Presentation Style ϫ Cue Type interaction, F(2, 164) ϭ 4.167, MSE ϭ .024, were both significant, as well. However, the interpretation of these analyses is problematic because of the ceiling effects observed in the correct-cue condition.
Because the correct-cue condition was theoretically uninteresting (it was included to ensure that the subjects would pay attention to the cues), a second mixed factorial ANOVA was conducted without the correct-cue condition. This 2 ϫ 2 ANOVA included presentation style (fixed vs. ascending) and cue type (no cue vs. incorrect) as independent variables. This analysis also produced a significant effect of presentation style, F(1, 82) ϭ 8.307, MSE ϭ .071, with fixed presentation yielding better performance than ascending presentation; again, this replicates the standard perceptual interference paradigm. The main effect of cue type, F(1, 82) ϭ 9.232, MSE ϭ .024, was also significant, with the no-cue condition yielding better performance than the incorrect-cue condition. However, the Presentation Style ϫ Cue Type interaction failed to reach significance, F(1, 82) ϭ 2.213, MSE ϭ .024, .10 Ͻ p Ͻ .15. The failure to obtain a significant interaction effect is puzzling because the data clearly conformed to the expected pattern. That is, the effect of the incorrect cues was much larger in the ascending condition, t(41) ϭ 3.199, SEM ϭ .034, than in the fixed condition, t(41) ϭ 1.097, SEMϭ .034, .25 Ͻ p Ͻ .30. Similarly, the perceptual interference effect was larger in the incorrect-cue condition, t(82) ϭ 3.071, SEM ϭ .050, than in the no-cue conditions, t(82) ϭ 1.850, SEMϭ .045, p Ͻ .07. These results suggest that incorrect cues affect performance in the perceptual interference paradigm by reducing identification in the ascending condition.
Discussion
The results from Experiment 2 confirm four important points regarding the observation of perceptual interference in musical stimuli. First, controlling the ISI is crucial to the emergence of the effect. In Experiment 1, when the ISI varied under the subjects' discretion, interference was not observed; however, in Experiment 2, when the ISI was controlled by the experimenter, perceptual interference was obtained. This replicates the timing effects reported by Schulkind (2000) . Second, incorrect cues reduced identification performance relative to the no-cue condition. This indicates that incorrect cues do interfere with object identification. That the perceptual interference effect barely missed traditional levels of significance in the no-cue condition might lead one to conclude that musical stimuli produce perceptual interference only in the presence of experimenter-provided incorrect cues. However, the effect was very close to traditional significance levels, and prior research with music has demonstrated the effect in the absence of experimenter-provided cues (Schulkind, 2000) . Third, the detrimental effect of incorrect cues was stronger in the ascending condition than in the fixed condition. This suggests that incorrect cues did not merely reduce overall identification. Rather, they were particularly damaging when the subject initially received a relatively impoverished exposure to the target. Finally, interference was obtained when presentation style (fixed vs. ascending) was manipulated as a between-subjects variable. This suggests that the perceptual interference effect reported in the literature does not result from subjective strategies created by mixing fixed and ascending trials within a given experimental session.
General Discussion
The two experiments described herein provide important data regarding several aspects of the perceptual interference effect. First, the data attest to the generality of the phenomenon. In particular, the results of Experiment 2 indicate that perceptual interference will be observed regardless of whether presentation style is manipulated as a within-subjects (as in past research) or between-subjects variable. This extension is important because it contradicts the claim that perceptual interference results from costs associated with strategy shifts between the fixed and ascending conditions. The combined results of the two experiments also indicate that perceptual interference will generalize across modalities. As in earlier work (Gibson & Watkins, 1991; Schulkind, 2000) , the effect was obtained using auditory-and in this case, musical-stimuli.
However, although some of the data represent cross-modal harmonies, the most striking effects related to differences amongst the musical, verbal, and pictorial domain. First, the verbal domain can be differentiated from the musical and pictorial domains, in that perceptual interference for verbal stimuli is observed only when the target stimuli are preexposed, or primed. This finding holds whether the stimuli are presented visually (Peynircioglu, 1987 (Peynircioglu, , 1990 Peynircioglu & Watkins, 1986) or auditorially (Gibson & Watkins, 1991) . Perceptual interference does not require preexposure with either musical or pictorial objects. This pattern suggests that the process used to identify degraded words is different from that used to identify nonverbal stimuli. However, Luo and Snodgrass (1994; see also Lindfield & Wingfield, 1999) countered that the preexposure effects reported in the literature for verbal stimuli may simply reflect differences in baseline levels of performance; that is, overall performance levels with verbal stimuli may be too low to produce perceptual interference unless the target stimuli are primed.
In any case, the current results clearly indicate that preexposure is not required to observe perceptual interference with musical stimuli. Although this represents an important similarity between musical and pictorial stimuli, these two modalities differ markedly with respect to the effect of incorrect cues. Whereas several converging lines of evidence suggest that incorrect cues are not responsible for perceptual interference in the visual domain (Peynircioglu, 1987 (Peynircioglu, , 1990 Peynircioglu & Watkins, 1986; Snodgrass & Hirshman, 1991) , incorrect cues clearly influenced performance with the musical stimuli used in the current experiments. Incorrect cues reduced identification whether they were generated by the subject (Experiment 1) or provided by the experimenter (Experiment 2), and they had a significantly stronger effect on performance in the ascending condition than in the fixed condition (Experiment 2). Despite the fact that the competitive activation account is capable of handling a wide variety of findings in the verbal-pictorial domain, it does not provide a sufficient explanation for these data. However, it is difficult to count this as a failure of the competitive activation account because this model was not designed with musical stimuli in mind.
The contrast between the musical findings reported here and the verbal-pictorial findings reported in the literature suggests an interesting hypothesis. It is possible that different stimulus classes produce similar behaviors that are nonetheless produced by different mechanisms. Accepting this hypothesis obligates one to present a new theoretical explanation capable of accounting for perceptual interference effects in music. To that end, a new model will be proposed that is capable of explaining not only the data reported here but also several related findings, both in the perceptual interference paradigm and beyond.
The proposed model, feature modulation search (FMS), assumes that information is organized in a multimodal, multidimensional space in which an object is represented as a constellation of its features (Tversky, 1977 ; see also Shelton & Martin, 1992) . Memory search begins with a set of activated features that psychologists typically call the cue or prime. A cue can consist of a set of perceptual features, semantic features, or both. It can consist of parts of one or more objects (Ratcliff & McKoon, 1994) and may or may not include contextual information (Raaijmakers & Shiffrin, 1981) . A memory search begins by activating the features associated with the cue and proceeds by modulating the activity (from active to inactive and back again) of a range of semantic and perceptual features. For example, in the initial stages of the search, some features that were part of the original cue might become inactive, whereas other features that were not part of the original cue might become active. As the search progresses, the memory cue (i.e., the set of currently active features) is continuously modified. The goal of the feature modulation search is to find a match between the set of currently active features (the memory cue) and the features of some object stored in memory. If the similarity between the cue and an object stored in memory exceeds some threshold, that object is selected as a response. Otherwise, the memory search continues until it is deemed unsuccessful. The decision to terminate a memory search is made via a stopping rule like that proposed by Raaijmakers and Shiffrin (1981) .
The FMS model easily handles the standard perceptual interference effect. Identifying an object on the basis of a degraded cue involves using the information available in the cue to search for additional target features. Therefore, decreasing the amount of information in the cue increases the number of features that must be discovered during the search. Broadening the scope of the search will increase the number of nontarget features that become activated. As an analogy, consider the investigation of a bank robbery. Decreasing what is known about the robber (e.g., gender, size, age) increases the list of potential suspects. As more suspects are investigated, more false leads will be pursued, and the probability of identifying the true criminal will decrease. In the perceptual interference paradigm, early exposures in the ascending condition provide much less information than the one and only exposure in the fixed condition. Therefore, relative to the fixed condition, more nontarget features will become active (i.e., more false leads will be pursued) in the ascending condition, and the probability of identifying the target will decrease.
The model can also explain the timing effects reported by Schulkind (2000) -and replicated here-by arguing that the highly degraded exposures early in the ascending sequence do not provide enough information to sustain a memory search. At longer intervals, the stopping rule terminates the memory search from the previous exposure, resulting in the initiation of a new memory search for each exposure in the ascending sequence. Initiating a new search eliminates the influence of the nontarget features activated during the previous search, which in turn eliminates perceptual interference. A similar argument can be used to explain why low levels of baseline-identification performance (e.g., Lindfield & Wingfield, 1999; Luo & Snodgrass, 1994) do not produce perceptual interference. Low levels of activation lead the memory search to terminate prior to the exposure of the next level of the ascending sequence. Finally, and most germane to the current results, FMS predicts that incorrect hypotheses will decrease identification performance because perceptual and conceptual features of the distractor will be incorporated within the cue used to search memory. In terms of the bank robbery metaphor, an incorrect cue is like an inaccurate physical description that leads the police to pursue the wrong suspect. The model also explains why incorrect cues produced more interference in the ascending condition, relative to the fixed condition. The proportion of target to nontarget features in the first (and only) exposure in the fixed condition was relatively high, compared with the first exposure in the ascending condition. Therefore, the nontarget features of the incorrect cues had a proportionally smaller influence on the direction of the memory search. The FMS explanation for the effects of both unfilled ISIs and incorrect hypotheses indicates that the initial stages of memory search are crucial to identification of the target. Empirical support for this claim can be drawn from several lines of evidence (Bruner & Potter, 1964; Frederiksen, 1967 Frederiksen, , 1969 Lindfield & Wingfield, 1999; Luo & Snodgrass, 1994; Peynircioglu & Watkins, 1986; Snodgrass & Hirshman, 1991) .
In addition to accounting for extant data in musical stimuli, FMS also has the potential to explain at least one perceptual interference phenomenon from the visual-pictorial domain that has eluded theoretical explanation. Peynircioglu (1990) found that perceptual interference varied directly with the amount of effort subjects devoted to identifying the word fragment. FMS accounts for this finding by claiming that highly motivated memory searches accelerate the feature modulation process. This increases the number of nontarget features that become active, thereby interfering with discovery of the target. Although FMS represents a promising new approach, more empirical work is needed before the model can be presented as a comprehensive cross-modal explanation for perceptual interference. One of the largest obstacles facing the model is an explanation for why incorrect hypotheses typically do not influence performance in the visual domain. The model also must explain why perceptual interference did not decay over a multisecond ISI with auditory presentation of verbal stimuli (Gibson & Watkins, 1991) .
The FMS model has potential applications in other domains, as well, particularly for those in which target-related information interferes with cognitive performance. For example, FMS could be applied as a variant of the search-based explanations for part-set cuing (Basden & Basden, 1995; Basden, Basden, & Galloway, 1977; Raaijmakers & Shiffrin, 1981) and could expand on these models by providing a rationale for how searches proceed. The model might also contribute to understanding the processes underlying other memory search phenomenon, such as tip of the tongue (A. S. Brown, 1991) and retrieval-induced forgetting (Anderson, Bjork, & Bjork, 1994; Anderson & McCulloch, 1999) . Thus, although some formidable theoretical problems remain to be solved, the FMS model also has potential applications both within and outside of the perceptual interference paradigm. The promise of the model indicates that researchers across the field of cognition should carefully consider how their experimental paradigms affect the way memory search proceeds. In particular, the old axiom appears to hold: First impressions-or in this case, the initial stages of memory search-mean a lot.
